the plasma membrane of stem/progenitor cells until birth. Postnatally, the expression level of Nope declines rapidly and Nope is specifically directed to the sinusoidal membrane of early hepatocytes until 2 weeks after birth and remains barely detectable thereafter. 5 This time course parallels the final maturation and polarization of the developing liver which is completed 2 weeks after birth and can also be described via gap junction formation that occurs at the canalicular membrane of hepatocytes enabling intercellular communication. 6 Although early hepatic progenitor cells express connexin (Cx) 43, there is a switch to Cx26 and Cx32 with the beginning of hepatocytic differentiation. 7 In rats, Cx26 and Cx32 show a maximal expression level at 1 week postnatally (wpn) 8 and continuous expression of both proteins is essential for tissue homeostasis. 9, 10 Several studies have shown that markers of hepatocytic polarization are diminished and mislocalized after liver injury and in the following regeneration process 11, 12 though a bile canalicular domain identity is conserved throughout the time and resembles the different embryonic stages until junctional complexes are fully matured and able to regain strict domain occlusion. 13 Specifically, Cx26 and Cx32 have been shown to be reduced after bile duct ligation (BDL) in a rat model. 14 We hypothesized that Nope on the sinusoidal membrane and Cx26 on the bile canalicular domain of hepatocytes are not only useful to describe physiological formation of hepatocyte polarity during liver development but may also help to identify changes in hepatocyte polarity after cholestatic liver injury.
The aim of our study is the evaluation of Nope as a marker of hepatocyte polarity along liver development and after cholestatic liver injury. We therefore analyzed the differential expression pattern of Nope and Cx26 in different settings: We used fetal and postnatal livers to study physiological formation of hepatocyte polarity and isolated adult hepatocytes after perfusion of adult liver (AL) to model loss of polarity. Finally, we made a comparative analysis with the differential expression pattern of Nope and Cx26 in adult liver with or without BDL as a model of cholestatic liver injury.
Materials and Methods

Mice
C57Bl/6 mice were used to conduct in vitro and in vivo experiments as outlined below.
Pregnant C57Bl/6 mice were purchased from Janvier (Le Genest St. Isle, France). Fetal livers were microdissected at different stages of embryonic development starting at embryonic day (ED) 13.5. For analysis of later stages of liver development, livers were dissected 2 days postnatally (dpn) as well as 1 to 6 wpn and from adult animals. Animals were housed in individually ventilated cages in the mouse facility at the Institute of Pharmacology, University of Cologne, kept under a 12-hr light cycle, and given a regular chow diet (Harlan, diet no. 2918) and water ad libitum. Experiments were approved by the State Agency for Nature, Environment and Consumer Protection (LANUV) North Rhine-Westphalia, Recklinghausen, Germany (Protocol No. 84-02.04.2012.A392) and were in accordance with the German Animal Welfare Act as well as the German Regulation for the protection of animals used for experimental purposes or other scientific purposes. The experiments were planned and performed according to the 3Rs concept of reduction, refinement, and replacement.
Bile Duct Ligation
The common bile duct was ligated under general anesthesia (2% isoflurane inhalation, carprofen 4 mg/ kg subcutaneously) with two ligatures close to the liver hilum immediately below the bifurcation and one ligature around the cystic duct. Control animals underwent sham operation with preparation but without ligation of the common bile duct. All surgical procedures were performed under sterile conditions. Animals were sacrificed and liver tissue harvested at 1, 2, 3, 5, 7, 14, 21, 28, and 35 days after surgery. For each time point, three mice were analyzed. To validate the efficiency of the ligation, bilirubin levels were measured in the serum of all mice (Supplementary Table 1 ). In total, 36 bile duct-ligated mice were used for further analysis, two mice with a bilirubin level of <8 mg/dl 5 days after ligation were excluded from further validation.
Hepatocyte Isolation
Primary hepatocytes were isolated from 4-to 6-weekold C57Bl/6 mice as described previously. 15 In brief, anesthetized mice were perfused via the vena cava with solution I (Earle's balanced salt solution [EBSS] without Ca 2+ and Mg 2+ , 0.5 mM ethylene glycol-tetraacetic acid [EGTA] ). Subsequently, perfusion with 50 ml of collagenase solution-EBSS with Ca 2+ and Mg 2+ , 10 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 15 mg collagenase type 2 and 2 mg trypsin inhibitor-was performed and single cell suspensions of the perfused liver were generated using a 70-µm nylon mesh filter. Hepatocytes were washed twice in high glucose Dulbecco's modified Eagle medium (DMEM) supplemented with 1.5% fetal calf serum (FCS), penicillin, and streptomycin, followed by seeding on collagen-coated plates. The medium was renewed 4 hr later to remove any unattached/dying cells and thereafter every 24 hr. RNA was extracted at 1, 4, and 6 days after isolation.
RNA Extraction
Total RNA from primary cell cultures and all specimens was extracted using the NucleoSpin RNA (MachereyNagel GmbH & CO.KG, Dueren, Germany) following the instructions of the manufacturer. RNA quantity was estimated using a Nanodrop ND-1000 Spectrophotometer (NanoDrop Technologies, Wilmington, DE).
Quantitative Real-time Reverse Transcription Polymerase Chain Reaction
Differential expression of Nope and Cx26 was analyzed using quantitative real-time reverse transcription polymerase chain reaction (qRT-PCR). We performed a two-step qRT-PCR using SYBR Green Master Mix and the iQ5 System (Bio-Rad Laboratories, Munich, Germany). Glyceraldehyde-3-phosphate dehydrogenase (Gapdh) was used as reference gene. Oligonucleotide primers are listed in Supplementary  Table 2 . The amplification protocol was as follows: 95C for 3 min, followed by 40 cycles of 95C for 15 sec and 1 min at 60C, completed by a dissociation curve to identify false positive amplicons.
The relative expression level of each gene was calculated using the formula 2 (-ΔΔ ct) . 16 Adult liver and fetal liver of ED 13.5 were used as standard controls and all samples were tested in triplicates. For each time point, the mean fold change of the expression level of at least three different liver specimens was calculated.
Protein Extraction and Western Blotting
Total protein was extracted from all specimens using sodium dodecyl sulfate (SDS) lysis buffer containing 0.5% SDS, 15 mM Tris-HCl (pH 6.8), 2.5% glycerol, 1 mM ethylene diamine-tetraacetic acid (EDTA) and proteinase inhibitor (Roche, Mannheim, Germany). After SDS-PAGE with equal amounts of protein (30 µg per lane), proteins were transferred onto nitrocellulose membranes (Whatman, Dassel, Germany) using a semidry blot system (Bio-Rad Laboratories, Munich, Germany). The membrane was blocked overnight at 4C in phosphate-buffered saline (PBS), pH 7.4, containing 5% dry milk powder. Primary antibodies, including goat anti-mouse Nope (R&D Systems, Minneapolis, MN), rabbit anti-mouse Cx26 (Invitrogen) and mouse anti-mouse β-actin (Sigma-Aldrich, Munich, Germany) were applied for 2 hr at room temperature. After extensive washing, membranes were incubated for 1 hr at room temperature with peroxidase-conjugated antigoat (Sigma-Aldrich), anti-rabbit (Sigma-Aldrich), or anti-mouse IgG (Bio-Rad Laboratories), respectively. Immune complexes were detected using enhanced chemiluminescene (ECL) advance western blot substrate (Amersham, Braunschweig, Germany) according to the manufacturer's instructions. After detection, membranes were stripped using 0.2N NaOH for 10 min before application of the next primary antibody.
Immunohistochemistry
Liver tissue samples were fixed in 4% paraformaldehyde/sucrose, snap-frozen in ice-cold methyl butane and cryosections were prepared for immunohistochemistry. The following primary antibodies were used: Rat anti-mouse E-cadherin (TaKaRa, Otsu, Shiga, Japan), rat anti-mouse CK19 (TROMA, gift from R. Kemler, Freiburg, Germany), rat anti-mouse CD31 (BD Pharmingen, Heidelberg, Germany), goat anti-mouse Nope (R&D Systems), and rabbit anti-mouse Cx26 antibodies (Invitrogen). For details see Supplementary  Table 3 . These primary antibodies were detected through allophycocyanin (APC)-conjugated donkey anti-rat, Cy3-conjugated donkey anti-goat, Cy2-conjugated donkey anti-rabbit IgGs, respectively. Dipeptidyl peptidase (DPP) IV was detected using a fluorescein isothiocyanate (FITC)-conjugated rat antimouse antibody (BD Bioscience). Isotype controls were performed routinely to control for false positive reactions and background level. Nuclei were stained with 4´,6-diamidino-2-phenylindole (DAPI; SigmaAldrich). Fluorescence images were acquired using fluorescent microscope IX 81 (Olympus, Hamburg, Germany) and Cell P Analysis Software (AnalySIS, Soft Imaging System GmbH, Muenster, Germany).
Statistical Analysis
Unpaired t test analysis was performed to analyze for significant differences in gene expression using GraphPad Prism (version 6.07 for Windows, La Jolla, CA, www.graphpad.com). The presented p values are uncorrected and two-tailed and α < 0.05 was considered as statistically significant (indicated as *, α < 0.01 indicated as **, α < 0.001 indicated as ***, and α < 0.0001 indicated as ****).
Results
Expression of Nope and Cx26 During Physiological Liver Development
We quantified the expression levels of Nope and Cx26 by qRT-PCR at different stages of liver development to study physiological formation of hepatocyte polarity (Fig. 1A) . During fetal liver development, Nope is constantly >20-fold higher expressed than in the adult liver. This high expression level is detectable until 1 wpn with a significant drop thereafter. At 4 wpn and thereafter, its expression remains barely detectable. For Cx26, however, the expression level shows an inverse correlation. In fetal liver tissue, the expression of Cx26 was barely detectable (ED13.5). However, a significant increase in Cx26 expression was measurable starting at ED14.5, with a further increase thereafter and a maximal expression level in the adult liver (Fig. 1A) .
Nope Expression Is Induced in Isolated Primary Murine Hepatocytes in Cell Culture
To address changes in the expression of Nope after the loss of polarity in primary hepatocytes, isolated cells were cultivated on collagen I-coated plates and relative expression level of Nope was measured over time by qRT-PCR. The expression level of Nope increased significantly (9.3-fold by day 4 as compared with day 1; p=0.0001), and was even further enhanced by a 6.6-fold higher expression at day 6 versus day 4 after isolation (p=0.0028; 62-fold vs. day 1, p=0.0016; Fig. 1B) . The expression level of Cx26 showed again an inverse trend with a significant reduction in expression over time (after 6 days 2.6-fold vs. day 1, p=0.0167; Fig. 1C ).
Expression Level of Nope and Cx26 After BDL by qRT-PCR
We then made a comparative analysis of the differential expression pattern of Nope and Cx26 in adult liver with or without BDL as a model of cholestatic liver injury. The relative expression level of Nope was increasing as early as 1 day after BDL, reached significance at 2 days after BDL, and was finally reaching an 87-fold higher expression level versus adult liver after 1 week (p<0.001; Fig. 2A ). Five weeks after BDL, the expression level was even 328-fold higher versus adult liver (p<0.001) which is even higher than the expression in the fetal liver ( Fig. 2A) .
The expression levels of Cx26 showed again an inverse trend. Cx26 is much higher expressed in the adult than in the fetal liver (259-fold vs. fetal liver), but was significantly reduced to a third of its expression level immediately after BDL compared with the adult liver although it remains much higher expressed than in the fetal liver (after 1 day 88-fold vs. fetal liver, p<0.001; Fig. 2B ). The expression level of Cx26 was further reduced thereafter in comparison with the adult liver with a minimum expression level at 5 weeks after BDL (72.5-fold vs. fetal liver, p<0.001; Fig. 2B ).
Validation of Nope and Cx26 During Fetal Liver Development and After BDL by Western Blotting
We then analyzed the protein levels of Nope and Cx26 in early and late stages of liver development including adult liver with or without BDL by Western blot analysis. Nope expression was detectable during all stages Figure 1 . qRT-PCR of Nope and Cx26 during liver development (A) and in isolated primary murine hepatocytes (B and C). The expression levels of Nope (white bars) in the fetal liver remains constantly high until 7 dpn with a significant drop thereafter. The expression level of Cx26 (black bars) shows an inverse correlation. Cx26 is barely detectable in the fetal liver, but increases significantly after ED14.5 with a maximal expression level in the adult liver (A). In isolated primary murine hepatocytes cultivated on collagen I-coated plates, qRT-PCR analysis showed a significantly increasing expression level of Nope over time (B). The expression level of Cx26 showed a significant reduction over time (C). Expression levels were normalized to Gapdh. The relative mRNA expression is given as log 10-fold difference. Abbreviations: Nope, neighbor of Punc E11; qRT-PCR, quantitative real-time reverse transcription polymerase chain reaction; Cx, connexin; dpn, days postnatally; ED, embryonic day; AL, adult liver; *, α < 0.05, **, α < 0.01, and ***, α < 0.001.
of fetal and early postnatal liver development until 1 wpn (Fig. 3A) . After 4 wpn and in the adult liver, however, the protein is not detectable any longer (Fig. 3A ). Yet after BDL, Nope is again detectable as early as 72 hr after BDL and its expression level remains constantly elevated until 4 weeks after BDL (Fig. 3A) .
In contrast, the protein expression of Cx26 is not detectable before ED18.5, but is high at 4 wpn and in the adult liver (Fig. 3B) . After BDL, the expression level of Cx26 is markedly reduced at all analyzed time points (Fig. 3B) confirming the inverse correlation in the expression level of Nope and Cx26.
Distribution Pattern of Nope and Cx26 by Immunohistochemistry
Finally, the distribution pattern of Nope and Cx26 during liver development, in adult liver and after cholestatic liver injury was analyzed by immunohistochemistry.
At ED13.5, Nope is specifically expressed by early hepatoblasts with a fine granular staining in the cytoplasm and circumferentially on the whole plasma membrane while Cx26 is not yet detectable ( Fig. 4A and B). At 1 wpn, Nope and Cx26 are both detectable on early hepatocytes. Although Nope has been directed to the sinusoidal membrane and is therefore in close proximity to CD31 positive sinusoidal endothelial cells (see arrows in Fig. 4D and F) , Cx26 is heterogeneously distributed showing single patchy spots surrounding the whole hepatocyte with an irregular pattern ( Fig. 4D and E) . The merged picture visualizes therefore a partially overlapping expression of both proteins on the sinusoidal membrane at the postnatal stage (Fig. 4E, inlet) . In the adult liver, Nope is not detectable on hepatocytes while Cx26 shows a punctate staining pattern on the membrane of hepatocytes ( Fig. 4G and H) . These costainings of Nope and Cx26 demonstrate the distinct spatial and temporal distribution pattern of these two markers during liver development revealing the physiological formation of hepatocyte polarity with early postnatal liver being the only time point at which both proteins are simultaneously expressed on hepatocytes.
Interestingly, we have found a coexpression of Nope and Cx26 also after BDL. Immunohistochemical staining for Nope after BDL reveals that expression of Nope is preferentially expressed on hepatocytes in zone 2 of the liver acinus (Fig. 5A) . Costaining for Nope and E-cadherin, which marks hepatocytes in the periportal area, shows almost no overlap between the two proteins underlining the restriction of Nope to zone 2 (Fig.  5B) . Costaining of Nope with CD31 as a marker of sinusoidal endothelial cells demonstrates that Nope is located in the neighboring sinusoidal membrane of hepatocytes (C). Finally, costaining with the bile canalicular marker protein DPPIV confirms that Nope is restricted to the sinusoidal membrane of hepatocytes (Fig. 5D) as described for postnatal liver. Temporal mRNA expression of Nope (A) and Cx26 (B) after BDL. The relative expression level of Nope was increasing as early as 1 day after BDL, reaching significance at 2 days after BDL and remained very high over time exceeding even the expression levels in fetal liver (A). Cx26 was significantly reduced to a third of its expression level immediately after BDL compared with the adult liver while it remains much higher expressed than in the fetal liver (B). Expression levels were normalized to Gapdh. The relative mRNA expression is given as log 10-fold difference. Each spot represents the mean of at least three different tissue samples from one animal to a total of three animals were analyzed for each time point. Abbreviations: Nope, neighbor of Punc E11; Cx, connexin; BDL, bile duct ligation; ED, embryonic day; AL, adult liver; *, α < 0.05, **, α < 0.01, ***, α < 0.001, and ****, α < 0.0001; Gapdh, glyceraldehyde-3-phosphate dehydrogenase.
On the contrary, Cx26 remains detectable in the adult liver also after BDL though its distribution pattern changes over time which can be visualized by costainings with DPPIV (Figs. 6 and 8 ). In the adult liver, Cx26 and DPPIV display an overlapping expression pattern, indicating that Cx26 is restricted to the canalicular membrane of hepatocytes ( Fig. 6A and B, and Fig. 8A and C) . At 3 days after BDL, this expression pattern is almost unchanged (Fig. 6C and D) . At 7 days after BDL, however, Cx26 is frequently also detectable as single spots on membranes negative for DPPIV, suggesting that it is partially translocated to the sinusoidal membrane of hepatocytes ( Fig. 6E and F) . At 28 days after BDL, Cx26 staining shows no longer its specific colocalization to the DPPIV-positive bile canalicular membrane of adult hepatocytes but is localized circumferentially on the whole membrane of hepatocytes ( Fig. 6G and H) .
Re-expression of Nope is detectable as early as 3 days after BDL on single hepatocytes which are also positive for Cx26 (Fig. 7A-D) . At later time points after BDL, Nope remains restricted to the sinusoidal membrane, while Cx26 loses its restriction to the bile canalicular domain of hepatocytes, resulting in an increasing overlap of both proteins on the sinusoidal membranes. At 7 days after BDL, only single spots of Cx26 can be colocalized with Nope (Fig. 7F) . At 28 days after BDL, Nope colocalizes with Cx26 on the majority of sinusoidal membranes of hepatocytes ( Fig. 7H and Fig. 8F ).
In general, immunohistochemical analysis confirms our quantitative expression data showing that Nope is expressed until early postnatal liver development and re-expressed shortly after BDL. Nope identifies not yet polarized hepatocytes in the early postnatal as well as depolarized hepatocytes in the biliary injured liver but is completely absent on polarized hepatocytes in the normal adult liver that are characterized through the restriction of Cx26 to their bile canalicular domain.
Discussion
In our previous work, we have demonstrated that Nope is a surface marker of murine fetal and adult liver stem/ progenitor cells 3, 5 as well as a specific and sensitive marker of hepatocellular carcinoma (HCC). 4 In our present study, we describe for the first time the expression of Nope on adult hepatocytes. Although the expression of Nope is physiologically downregulated in the postnatal period and barely detectable thereafter, the expression of Nope was significantly induced in adult hepatocytes after BDL. Interestingly, cholestatic liver injury has been recently described to come along with changes in hepatocyte polarity 2 and the expression of Nope after BDL is restricted to the sinusoidal membrane of adult hepatocytes and therefore resembles that of early postnatal hepatocytes which are in the final process of maturation and polarization. Indeed, Nope was also increasingly expressed on isolated adult primary hepatocytes after liver perfusion when they are challenged to regain their cell-cell contacts and polarity in cell culture conditions.
It is known that the establishment of polarity is not restricted to physiological liver development but occurs recurrently even thereafter. 17 Indeed, to fulfill their multiple functions in protein synthesis, metabolic homeostasis, and detoxification, it is essential for hepatocytes to sustain their unique organized polarity and to maintain the specified sinusoidal and bile canalicular spaces for the separation of blood from bile. 17 Therefore, Figure 3 . Western blot analysis of Nope and Cx26 during fetal liver development, in the adult liver and after BDL. Nope is detectable during liver development until 1 wpn (A). No expression is found after 4 wpn or in the adult liver (A). After BDL, however, Nope protein is again detectable (A). Cx26 protein is not detectable before ED18.5 (B). After 28 dpn and in the adult liver, Cx26 is strongly expressed (B). After BDL, the expression level of Cx26 is markedly reduced at all analyzed time points (B). β-actin was used as loading control. Abbreviations: Nope, neighbor of Punc E11; Cx, connexin; BDL, bile duct ligation; wpn, weeks postnatally; ED, embryonic day; AL, adult liver; dpn, days postnatally.
basolateral and apical domains have to be separated and sealed off by intercellular junctions which consist of tight junctions, anchoring junctions, and gap junctions. 18 Although gap junctions are not directly involved in epithelial polarity, they might contribute indirectly by supporting tight junction formation. 19 After finishing polarization, a specific and definitive Cx expression pattern is established in the adult liver, which is necessary for maintaining fully differentiated hepatocytes. 20 These express Cx26 specifically on their canalicular domain and Cx32, which is additionally expressed in cholangiocytes. 20, 21 We have therefore correlated our findings on Nope with the expression level and localization pattern of the gap junction protein Cx26 as a marker of hepatocyte polarity. Our findings reveal an inverse trend in the expression level of Nope and Cx26 along all analyzed stages of liver development including the adult liver with or without BDL and as such representing different stages of the formation of hepatocytic polarization (Schematic Fig. 9 ): In the fetal liver, not yet polarized hepatoblasts show high level of Nope expression with a ubiquitous localization on the plasma membrane while Cx26 is not yet detectable (Fig. 9A) . Upon Figure 4 . Immunohistochemistry of Nope, Cx26, and CD31 during liver development. Cryosections of early fetal (A, B, and C), early postnatal (D, E, and F) and adult murine livers (G, H, and I) were stained using antibodies for Nope (red; A, D, and G), Cx26 (white; B, E, and H) and CD31 (green: C, F, and I). Nuclei were stained with DAPI (blue). At ED13.5, Nope is specifically expressed by early hepatoblasts (A) while Cx26 is not yet detectable (B). CD31 detects early endothelial cells (C). At 1 wpn, Nope and Cx26 are both detectable on early postnatal hepatocytes. Nope has been directed to the sinusoidal membrane and is therefore in close proximity to CD31 positive sinusoidal endothelial cells (see arrows in D and F). Cx26 shows single patchy spots surrounding the whole hepatocyte with an irregular pattern (E). The merged picture visualizes therefore a partially overlapping expression of both proteins on the sinusoidal membrane (E, inlet). In the adult liver, Nope is not detectable in hepatocytes but weak expression is found in cholangiocytes (G). Cx26 shows a punctate staining pattern on hepatocytes (H) and CD31 is found on endothelial cells lining a large portal vein (I). Scale bar: 20 µm. Abbreviations: Nope, neighbor of Punc E11; Cx, connexin; DAPI, 6-diamidino-2-phenylindole; ED, embryonic day; AL, adult liver; wpn, weeks postnatally.
initiation of polarization in the early postnatal liver, Nope is directed to the sinusoidal membrane while the expression level of Cx26 is increasing with a patchy distribution over the whole membrane of early postnatal hepatocytes (Fig. 9B) . In the adult liver, Nope is not expressed any longer on fully differentiated and polarized hepatocytes and Cx26 is highly expressed but restricted to the bile canalicular domain (Fig. 9C) . After BDL, the expression level and pattern of Nope and Cx26 resemble that of early postnatal hepatocytes that are initiating polarization (Fig. 9D) .
We hypothesize that this inverse correlation and expression pattern may be found in various other stages, in which polarization of hepatocytes is lost or reorganized, for example, in neoplastic hepatocytes that are known to lose their original polarization. 22 Indeed, it has been shown that bile canalicular proteins in general are mislocalized in HCC and can be found on the entire surface membrane of neoplastic cells. 21 Specifically, Cx26 has been described to be downregulated in HCC by methylation. 23 In fact, dissection of the HCC morphology demonstrated defects in the distribution of bile canalicular proteins even in preneoplastic hepatocytes. 21 On the contrary, Nope has been identified in previous studies as an oncological surface marker for murine and human alfa-fetoprotein (Afp)-positive and Afp-negative HCC but not in preneoplastic stages or in normal liver tissue. 4 This has been recently confirmed in diethylnitrosamine (DEN)-induced murine HCC. 24 Whether the expression of Nope is essential for hepatocytic polarization or is just triggered by similar mechanisms remains elusive, since the function of Nope is unknown and can only be postulated in analogy to its reported family members in the deleted in colorectal cancer (DCC) subgroup of the immunoglobulin superfamily such as Punc, Dcc, and Neogenin. Functionally, Punc has been correlated with proliferating cells, whereas the expression of Dcc and Neogenin is generally associated with cells starting to differentiate. 25 Particularly Neogenin is reported to be expressed during the transition of undifferentiated into differentiated cell types. 26 However, Nope is so far the only Dcc subfamily member to be expressed in the liver during embryogenesis. 3, 27, 28 Dcc and Neogenin are both expressed in the developing central nervous system, urogenital, and cartilage, only Neogenin is additionally found in the developing gut, lung, and heart. 27 To fully understand the functional role of Nope in hepatocytic polarization, we are currently developing a conditional knock out mouse model.
In a recent review on cholestatic liver diseases, Jansen et al. pointed out that disease stage-defining biomarkers are still lacking. 1 As cholestatic liver injury induces changes in hepatocyte polarity, Nope might be a marker of depolarized hepatocytes in cholestatic liver injury, for example, in primary sclerosing cholangitis. We here demonstrate that the expression of Nope is highly sensitive to biliary injury of the liver parenchyma, being detectable as early as one day after BDL by qRT-PCR with increasing levels over time, indicating a time and dose-dependent sensitivity. Interestingly, Nope identifies a homogeneous population of hepatocytic cells in the fetal or postnatal liver and in murine HCC that ubiquitously show the same staining pattern. After BDL, however, Nope identifies only a subset of depolarized adult hepatocytes within the liver lobule that cannot be identified or differentiated from the surrounding hepatocytes by any other marker (data not shown). Therefore, Nope might provide a valuable tool to detect biliary injury at asymptotic or symptom-poor stages preceding overt cholestasis or severe stages in which hepatocytes are affected by the underlying cholestatic liver disease leading to liver cirrhosis. Its usefulness as a biomarker in cholestatic liver disease for the classification of the course of disease or monitoring of therapy will have to be assessed in additional investigations including detection in long-term, compensatory regeneration models.
In conclusion, we here describe for the first time the expression of the oncofetal stem/progenitor cell marker Nope on adult hepatocytes. Nope identifies a subset of depolarized adult hepatocytes after cholestatic liver injury resembling early postnatal hepatocytes beginning to polarize. We therefore postulate that Nope might be a valuable histochemical biomarker allowing stage-specific stratifications or therapeutic monitoring in cholestatic liver diseases.
